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i.. INTRODUCTION

This report describes the engineering and manufacturing efforts ,

I at AAI on the Ee1R1 Point Source Gas Alarm Program from 22 July 1961 to

2 September 1961 performed under Contract II DA-18-108-CWL-6553. Included

hiJ.(trf. t ij . U q 2~l L• .I C', U I' tile: CULI'/,,•I L et .1 1,tti tJ I!u i L:t ;.J.V+ITh tf(OW Il J.1J U-(+fJ bUS

at rt,. Benning, Georgia and the combined effort development program with

.CURJ for.the design and fabrication of the E4I1R1 alarm and associated

equipment'.

During this reporting period the scope of effort has been

directed to the manufacture of three (3) alia, r (Nos- 35-36 and 37) which

-"v will be used as replacements for the alarms which have been undergoing

4, Service Tests at Ft. Benning; the procurement and fabrication of components

AM the assembly of six (6) additional alarms (Nos. 38 through 43), and

-the retro-fittin8 of the three (3) alarms from Service Test at Pt. Benning

;.' (Nos. 14-21 amn 26).

.. . The manufacture and retro-fitting of the operational alarms

has been based on a design which has incorporated the recommended (with

subsequent approval) changes as determined by Final Engineering Test

.Dvision, CRDL, Research and Development Testing at AAI, and Service Tests

at Ft. Bonning, Georgia. In addition, based on this design, the procurement

and fabrication of components for fifteen (15) additional alarms 'is in

progress. One (1) Master alarm will be manufactured from the final CiBSs I

- draingi (as approved by CRDL).

I.++ \. ,

-If + +• +• . ,• ] I+ "".. .i ' +. . .
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II. SUNhIRY OF WORK PERFORMED

The Reseagh, Development, Test and Evaluation of the E41RI

Point Source Gas Alarm has progressed as scheduled in accordance with a

test plan promulgated by AAI. This program has been directed toward the

r Impnrovement of slarm oerfoenln anbi tel IntbiIyf nny hnn Irile-8

, c Ccontinued efforts in the following areas.s t

a. Testing of original and experimental design in

air pumps

b.. Indnvestigationre obllyf improved sroelarm hornsest tperformance

C.• Continued efforts to ipoetheseitvy

and stability of the photometer including the

inherent problems associated with the photocell.

d. Investigation of engineering feasibility considera-

tion in a redesign of a remote warning unit.

e. Investigation of condensation (aii lines).

With the exception of the spares for the Ft. Benning alarms, all contrac-

tual commitments of the Phase II program have been completed.

Delivery of Phase III units has begun and to date all aspects

are on schedule.I. i

' '1

L +
I. ., ,e
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III. DEMAILED DISCOSSION OF PROGRAN

A. Phase II Program

During this report period the following actions were completed.

Sa. Alarm Nos. 17-19 and 22 were refurbished, tested

and delivered.

b. Alarm Nos. 35"-)U and 37 were assembled, tested

and delivered,

1 c. The Class II tracings (which reprose t the 15

Salarms to be delivered under Phase III, were

loaned to CRDL. After making the copies they requiredp

SQCRDL returned the tracings to AAI.

With the completion of the above listed items all contractual

Sommitments for Phase II have been completed with the exception of the

I spare parts for the Ft. Benning alarms which are scheduled for delivery.

B. Phase III Program

The preparation of tho final Phase III Class I drawings is

progressing with a 'present completion factor of approximately 50 percent

I, •and an anticipaeted completion date of 1 October 1961 i(on schedule). These

. drawing6s represent a design which has incorporated the recommended (and

.approved) changes as determined by Final Engineering Test Division, CRDL;

SResearch and Development Teptlng at AAI; and Service Tests at Ft. Benning.

VAThes
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The procurement of material, fabrication of parts and asso=byly

of six (6) 1 August 1961 delivery and fifteen (15) 1 December 1961 delivery

Phase III alarms is progressing satisfactorily. These alarms are in

accordance with AAI drawing 3862-04M299-10. A detailed discussion of

delivry and schedules for these units is contained in the following

sec t ion.

C. Fabrication, Testing and Delivery

Under the scope of the existing contract, three (3),alarms

(No . 35-36 and 37) were delivered approximately 1 August 1961 to CRDL

and were subsequently shipped to Ft. Benning for Service Tests. Shortly

C after the start of these tests, technical difficulties were encountered;

therefore, the tests were suspended and the three (3) alarms returned to

AýI to determine and correct these difficulties. At approximately the

same time three (3) previous alarms (Nos. 14-21 and 26) were also returned
Ii ... to AAI for retro-fitting so that six (6) alarms could be. returned to

Ft. Beanning for resumption of the Service Tests.

I., "In order to accomplish this retro-fitting program and since it

was not speeifically covered under the existing contract, it was agreed

Sby CRDL technical personnel that AAI would cannibalize parts from three (3)

of the first six (6) units required as the first delivery in Phase III

wbich were due on I September 1961. It was further agreed that MI would

S•then cannibalize parts from three (3) of the fifteen (15) units under

Phase III required for delivery by 15 December 1961 in order to complete

,• the six (6) units rrequired as the first delivery in Phase Iii.

Ii:
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This change has necessitated a revision in schedule In that

Sd.%liveiy of six (.6) units under Phase III originally scheduled for
1 September 1961 be modified to deliver three (3) units on 8 September 1961

and three (3) units on 1 October 1961. As a result, three (3) of the

fifteen (15) Phase III units scheduled for delivery on 15 December 1961

will be short parts will not be delivered. However, this matter has

been discussed with the CRDL Project Manager and it has been tentatively

agreed that if the parts utilized in the retro-4fit are useable and made

available at a later date, they will be used to chmplete the delivery

Sof the fifteen (15) Phase III units. Otherwise, authorization will be

required to fabricate the additional parts required.

I When initially delivered to Ft. Benning, units Nos. 14-21 and

26 were standard Phase Il alarms. However, by the aforementioned retro-

fit, the transport assembly has been removed and replaced by new, redesigned

assemblies.

In the previous reporting period, alarms Nos. 17-19 and 22

were refurbished and delivered to CRDL for test purposes. These were

Soriginally standard Phase II units which were refurbished to include the

latest improvement changes which are outlined below for purposes of

a. Existing air motor replaced with new (identical)'i , aotor

INV* b. Low torque timer motor replaced with high torque

motor
Lw
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c c. Low torque transport motor replaced with high

torque motor

f d. Transport mechanisms overhauled

* e. Air inlet heater replaced with new redesigned

assnembly

f* f. Exit air heater replaced with new redesigned

assembly

g. All tubing replaced

h h. New photometer mead installed with new type

I .. :thermister

i. Printed Circuit Board modified as follows:

t(i) 1R34 from 24V to 1SV regulated

(inlet heater control)

(2) Heat sink in Q5 removed - not replaced

(3) R28 changed to 180 L

(4) R27, R29 and Kl to 18V regulated (flasher)

(5) Removed CR4, CR5 and. CR8

(6) Low voltage cutoff:

(a) R31 changed to 390 A, 1/2 watt i 5%1(b) R23 changed to 2K IL

(c) U1l1 changed to IWT74A

(d) Diode type IN457 added in series with CR11I
(e) Ground K3

* J. Added K5 relay for transport motor control

F' I
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* k. Paralleled Sl and S2 for transport motor control

1. Replaced prefilter lever support with aluminum part

• *M. Replaced gaskets with new typ~es

• n. Replaced nylatron fluid pump bearings with stainless

rt~e!l ball brarin'r,

o. Replaced all switches

* p. Replaced drum latch with new design

* q. Replaced drum rpring with new design

* r. Added fluid nozzle return spring

* s. Replaced 'phone Jack with new design

"* tý Added "D" rings

( * u. Added fluid pot guide

* v. Replaced primer knob seal with new design

* V. Replaced null Inob with new design

x. Replaced wire harness

* y. T'aterproofed printed circuit board

* z. Added RFI suppressorg

aa. Added baro switch I,
bb. Replaced decals

* •e . Added detent to air inlet

J * dd. Added instruction plate

* ee. Waterproofed alarm

SL* ff. Replaced thermostats with new type

. cgg. Encapsulated horn (can)

II ..
ft:
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S* hh. Added bar to fluid pot holder I
* ii. 'Replaced alarm handle with redesigned part

1' * Jj. Replaced fluid pot gasket with new design

Alarms Nos. 35-36 and 37 were standard Phase III alarms which

1 1. cl 1. Jýl .j!1 ik fv 1 I (I 'n, U Lu i Ic

following changes at the time o~f initial delivery to Ft. Benning. j
a. New horn, diaphr.gm and can

b. New, redesigned transport mechanism assembly

c. New machined photometer head with new thermister
- I

d. Eliminated front cover interlock striker plate

I : e. Increased drum needle length

'f. Added spacers to air pump body

g. Removed primer detent I
h. Improved surface quality of fluid pump pulleys

i. Replaced all dust covers and chains with redesigned

units

J. Improved stand-off mounting technique

k. Interchanged null knob and reset switch

1. Interchanged power and remote alarm receptacle

m. Modified nomenclature

n. Improved case design

o. Replaced exit heater cap with new design

p. Replaced pre-filter lever with new desion

j q. Modified air pump biacket

r. Added null pot stop I
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When units No0. 35-36 and 3'* were returned to AAI for corrective

action the following, changes were made prior to returning-to Ft. Benning.

a. R12 -5K, I watt changed to 5K, 5 watt

b. Increased depth of pre-filter holder

C. Increased length of drum needles

F d. A dded Tirinted rri-rr i lvn -• I ...... ... I

e. Added glyptol to Cl on pri.nted circuit board

f. Removed alarm light froia flasher circuit

g. Removed the following RFI suppressors

(1) Timing motor capacitor

(2) Transport motor capacitor

r(3) Ki contact capacitor

(4) Horn suppressors

(5) Air pump filter assembly

Testing was completed on alarms Nos. 35-36 and 37 with a total

time logged of 163, 153 and 142 hours respectively. Each alarm completed

each test satisfactorily with no major discrepancies. The test plan

followed is the one reported in AAI ER-2473 of August 1961.

Testing of the first three (3) Phase III alarms (Nos. 38-39 and

40) is underway. The only major discrepancy noted to date has been with

tape #60-74. There have been several instances where the tape has been

approximately 1/16 too wide which has resulted in malfunction of several

e variations that are discussed elsewhere in this report.
I ]

2I
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The test description for units Nos. 38-39 and 40 is as follows:

Test
No. Date Time Description

A 8/24 00:00-12:00 Break-in Run - Detail Alarm Inspection, Checkout
and Adjustment

A 12,00-24:O0 Break-in Run

SA 8/25 00:00-12:00 Change Motors and Check SwItch Adjiistmpnts
ililD1 * I (JtC' ý) "114% (Loom,

,-40 0 F). During each 3 hour period,
vary Voltages (21, 24, 28V) hourly, Record all
data required by Electrical and Mechanical Check
Lists

2 8/28 08:00-20:00 *Bench Test: Room Ternp with Battery
3 20:00-08:00 *Oven Test: 4115 F with Battery

4 8/29 08:00-20:00 Bench Test: Room Temp, vary Voltage in 2 hour
steps from 21 to 28 Volts5 20:00-08:00 *Oven Test: +1150F, vary Voltage in 2 hour steps

-froms 21 to 28 Volts

6 8/30 08:00-20:00 *Outdoor Test: Operate in Direct Sunlight with
Batteries

7 20:00-08:00 *Outdoor Test: Operate in Unprotected Area with
Batteries

8 8/31 08:00-20:00 *Cold Test: -40OF with Batteries (Alarm Operating
when Placed in Box)

9 20:00-08:00 *Cold Test: -4o0F with Batteries - Cold Soak for
.2 hours in Chamber without Power, Solution Pot
Removed and Covers Open; then Start Operation

9/1 08: 00-20:00
20: 00-08:00 Alarm Check and Pressure Test

* During Tests so symbolled, Temperatures were monitored at the following
locations: Top Panel Skin

Front' Door Skin (Center)
Rear Door Skin (Center).
Adjacent to Liquid Nozzle (Air Temp)
Adjacent to Manual Priming Knob (Air Temp)Adjacent to P.C.B. 9 Center (Air Tamp)
Adjacent to Air PuRP (Air Temp)

iI. •.•
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D. Research and Development Program

1. Air Pump Assembly

In accordance with the coordinated AAI/CRDL test plan,

bench testing of two types of air pumps has continued. A detailed

AI:-C:I i n I4 f ic vo Cj 1 r II[.j1,);' I '! I 1. t'l 1 , 4 1 , t'01' i4 1i . 4 ' i L~ I, 1 1i J

is contained in paragraph C.1 of AAI ER-2473.

As of the end of this reporting period the standard pumpl

has beon operated 1326 lpours (1312 hours on the air motor) and the[ experimental configuration has been operated 1136' hours (1116 hours on

the Air motor). There has been no significant difference in the aeccumu-

I Llation of deposits.

STANDARD PUtWOriginl o00 hrs 800 hra
PART w/Filters w/o Filters Change Percent

Diaphragm 1.0161 1.0171 1.0226 .o065 .006
SInlet Fitting ý1.0131 I 7O180 1.023,8 . oo097 .009

"Ub~ust Fitting 1.2940 i•9 .3O1 0.0261 .020Inlet Valve o.1679 0.1678 .1712, .0033 .019

Exhaust Valve 0.1684 0.1699 .1747 .0063 .037

EPERIMENTAL PURE
Original 500 hrs 800 hre

PA7 wv/Filters w/o Filters Change Percent
SDiapbragn 1.0279 1.0282 1.0301 .0022 .002
Inlet Fitting 0.9522 0.9519 0.9575 .0053 .0041i Exhaust Fitting 0.6917 0.6902 0.7001 .0084 .012
Inlet Valve o.1646 0.1662 0.1668 .0022 .013IExhaust Valve 0.1667 0.1667 0.1678 .0011 .006

I'
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2. Motors

a. Transport and Timing Motors

The practice of testing all transpOrt and timing motors

as they are received at AAI has continued. This testing consists of plac-

ing the motors on a test Jig and running them at 18V under a load of

I 1/ ~ ,u':. loI uwj1 a .Luud cI' WS Iin/oz for fifteen

minutes. During the test, measurements are made of the input current and

cycle time on a measured time basis. Figures 1 and 2 are the results

of the latest tests.

b. Air Pump Motor

C:• In general, the air pump motors have performed very

well and have fulfilled the requirements of 1000 'nours minimum operating

time. There have been occasions, however, in recent months wherein motor

failures have occurred after approximately 100 hours of operation. Several

units have been returned to Globe Industries, Inc., fabricators of the

motor, who have disassembled and inspected these samples. Their reportII
indicates that the grease in the gearbox displayed evidence that it had

broken down due to what appeared tq he high temperature operation. There

Svwas also evidence that the greese fill may not have been adequate for this

• .' motor •apjication.

SoGlobe has since reassembled the motors with a larger

quantity of Aeroshell No. 7 grease and another sample with Unitemp No. 500

grease. These two motors are now undergoing life testing and to date

have accumulated more than 350 hours of operation without any sign of failure.
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-During the testing of ala,, No. 36 a high torque 1/3 rpm motor

failed after 23 hours of operation. The motor was returned to the

Haydon Company where the failure was diagnosed as a ,shorted winding. This

motor has been repaired, returned and retested by AAI.
1

SOn alarm No. 1'7 P hi rh I." rn.' 'i rp-, r' n I. n -, II

or operation. The motor was returned to the Haydon Company where the

"failure was diagnosed as an improperly staked gear train, The Haydon

Division of thLj General Time Corporation attributes this failure to the

fact. that these motors are fabricated in their model shop where their

no mal quality control measures cannot be as rigi~dly enforced as is theI C: €case with full production comiponents.

During the testing of alarm No. 38, a high torque 2 rpm motor

fZAled after 101 hours of operation. When the failure was noted the back

of the motor was removed and it was observed that the armature was not

turning. Upon tapping the brushes the motor then started to operate,

however, the motor was removed from the alarm as a precautionary measure.

Subsequent testing of this motor has indicated a very erratic and inter-

mitttent operation. The motor has been returned to the Haydon Company for

Sa complete analysis.

During the service tests on unit No. 21 at Ft. Benning, a high

I torque 2 rpm motor failed after approximately 100 hours of oporation., AL

"preliminary investigation indicates the following: F

| : i
• . 'L I
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a. Intermittent Stalls

b. Shaft eccentricity with hole in Deirin back'

C. Shaft appears to be corroded j
d. Lower brush failed in the brush assembly

Shor't,"Y nAfter t~he nb(-)vo .-(,, 'f, ).,-!, ic:; r i ll,] i

2O. 6 failed. Subsequent inspection revealed that the gear train in this

motor has failed but the exact point of failure is unknown. All motorsare to be returned to Haydon for repair and a laboratory report has been
requested describing the cause of these failures.

iii
-- 7,!
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S 3. Electronics

a. Photometer Hlead

A continuing program of studies has been maintained to

de termine if the photometer as used in the alarm could be increased in

sensitivity and i~lso stabilized for temperature changes.

TLe present photometer head has unavoidable drift due

to variation in light level, bias voltage, and operating temperature, thus

the drift in the current through the photocell is as high as twenty micro

amps which can cause false iliarms,- Therefore, some other arrangement of

the existing head seems to be necessary.

A possible solution to the drift problem is through

the use of a balanced bridge circuit. The electrical operation of the

bridge dircuit is as follows.

-17.5 voltL;

L4LW

tOM

]Le. U. AL.AP

Fk rEup!Eo i rA wr

jlr
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When the bridge circuit is -balanced:

therefore ilR1 i2 01

also Vbd Yedýj
so ilR2 =C2

iF2R2 - i2CL-

.*. l J ' _ I

C2

[' When the circuit becomes unbalanced due to a change

in the resistance of photocell #C2, currený must pass through the meter

relay. The senaitivity of the bridge circuit is ICI\s therefore, small

resistance values are needed for each photocell. The CL602 photocell has

alight resistance of 150,000 ohms., Since the sensitivity is a fCl

and s f' u the CL602 photocell would have to have changes inkl,5O,0OO Cl

resistance on the order of 75,000 ohms, whereas a photocell with lower

resistance would give more deflection in the meter relay reading for equal

samounts of light change. Therefore, the CL605L photocell with an operating

light resistance of 1,000 ohms would be more effective for a bridge circuit.

During this report period a bridge circuit consisting of two (2)ý

CL602 photocells was constructed and placed in an alarm for testing. After

f 232 hours of testing it was confirmed that the CL602 photocell has an

operating light resistance of 150,000 ohms which is too high for the desired

sensitivity. *

4.
4,:
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Subsequently another bridge circuit consisting of two (2)

CL6O5L photocells was constructed and installed in alarm No. 9. A

sensitivity test was performed using a Munsell Neutral Scale with the

following results:

MJNSFTT, NKtrRAT, M1,F.R ,•',AY RRADTN),W TN nmrnr,
, WL,; ..,;, .. j ;ij0 .1 i #j: UNi. ilj.U UNIT /di)

CL605L cL602 STANDARD HEAD STANDARD HEAD

9.5 0 100. 0 100 120 100
9.0 -20 80 -5 95 116 95
8.5 -75 20 -14 87.5 lo. 86.5
8.0 -100 -35 -22 80 96 78S7.5 -80 -z7 77 88
7.0 -100 36 77

g6.5 -43

From the results of the Munsell Neutral Scale Test, it can be,

seen that the CL602 bridge circuit and CL602 standard photometer h ead are

equally sensitive to light changes, whereas, the bridge circuit with the

CL6O5L photocells is much more sensitive to light changes in the area of

gas alarm use. See Figure 3. For two steps in the Munsell scale the

standard changed 20 /Aamps where the CL6O5L bridge circuit changed 120

amps. This means that the bridge circuit is 6 times more sensitive to

light level changes than the standard photometer circuit. The CL602 bridge

circuit is also 6 times less sensitive to light level changes than CL605L

bridge circuit.

The CL6O5L bridgecircuit is presently being tested to determine'

its operational stability during changes in light, temperature, and bias

voltage. The maximum air blank recorded for this circuit is 35 /hanls.
1"
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This 35 amps seems high but it i.s only,.3, prcent 1of nu l to iarm scale

value. On' the standard gas alarm's p1no' C tGr-'head, an air blank of 19"2.,

amps would be 60 per(je'Iit of null to aJ~arm sciqle value.* After 277 hours

of testing, the maximum combined airbl14nk and null drift was 55 micro amps.

', tof the standard photometer head. The lfore, the bridge detection head•.

Iwarrants continued testing.

b, Results of Photocell Testing - Typ~e 605L

The testing was performed on a batch of eleven (11),

photocells selected at random from a single purchase lot of Type' 605L.

Clairex photocells.

CD The photocell test rig impresses a fixed voltage acrops

each photocell in scrisc with a 180K resistor. For changes in photocell

resistance, normally ranging from lK to 4K, the cell current remains

essentially constant since this change is small in comparison to 180K.

Hence, with constant current the voltage across a photocell is proportional

I to its resistance. An automatic stepper switch is used to connect each

i cell in sequence to a chart recorder in order to follow the changes of any

I particular cell during the course of a test.

Complete data were obtained for all eleven. (11) celis of

I. the test batch; however, for the sake of clakity data from only four (k)

cells were graphed. The four (4) cells selected for graphic presentation

are the two cells at the extremes of the test batch, i.e., highest ,iýand

Slowest resistances, and two others of the batch. The first.,test consisted

Ui

S\ - • ,, .. . .-
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of holding light level constant and varying the temperature. Graphs #1

an..#2 Illustrate the effects of teperature variAtion upon the 6cels..

The týmperature sensitivity rzangti from a high of -6.l'L/°" for cell #8

to a low of -3.3n/°F for cell #4. Expressed as a percentage change, hoWever,

the temperature sensitivity of the cells is nearly constant, falling between,

the values of -0.19%/°F and -0. 23%/ 0 F. Graphs j/XA and #2A portray the same

curves as graphs #1 and #2, but the inv~rience of temperature cqefficient

is more evident when the curves are plotted on semi-log paper,

One is unable to draw quantative conclusions here

regarding temperature hysteresis effects since very close control over the

( ~i!temperature could not be maintained, Crosoovers of the "out" and "return"

paths on graphs #1 and #2 invite suspicigns that different temp-rature were

produced between the up and down excursions of the temperature. GrSps, #3

through #8 illustrate-the light response of the test cells. S1zce no

method wap Immediately available for measuring light levels, the lamp

voltage was varied and then responses of the various photocells were

compared for given differences in lamp volt~ge.

In general the graphs reveal that pbhtocells with

higher resistance have a greater rate of change of resistance with light.

Cell #4 has the lowest resistance among the itest batch, consequently its

curve has the lowest sl3pe. Similarly cell #7 has the highest values for

resistance and rate of change (slope);. The percentage change in resistance,II
however, is very nearly constant as siown on the semi-log plot #3A.. Por

5
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the var as conditions of light level and temperate, photocell')

• , aine at 2-1/4 to 2-1/2 times the value"of te resistance of photocel!i1!'

! I (m~inimum). Temperature and light level vsenoitivli es• of :tn l phd'tocelJ[ I

were compared'in an effort to discover whe#,her photocells h,%virg greater

•:i... i~ght Fensitivities also tend to have 9ýreatcr temperature sensitivity.

While such a relationship appears to exist., it seems inadvisable tO

conclude that such is the case because of inaccuracy• in the te~sting'

t chniques.I

Graphs #3 through #8 illustmte the hysteresis effect

which is exp~erieneed when the light level is changed in one direct'ion! and, .

• ~~then returned to 'its original value. Th~e wide variation in the magnItude ':

of the difference between begirmnin. and iend values is most likely the. ..

resut o Inacurcy f lap !oltIge adjustments. In p0articular, the cross-

ai vers of the "up" and "down" curves on gravh #5 suggest false settingo of "

i< lamp voltage at 22.5 volts since these pairs of' points are ilyarted with

respect to those plotted at other lamp voltages. The data obtained in -:

II,

single batch. The cell wi~th the highestu resistance had a valull of abou•t ,. , .

• i!ii ''

250 percent of the value of the cell with lowest resistanceo :ptheothero

hnd, calculations show thre pn talig htnl e in resista.ýce o i ei her lighti

wer tmperature variat°no to be very near the sae for All cells. It cg•r.eat

b pseen from the semi-log plo s on graphs #A, #tA, and #At that Wehnlv therey.

to a cnslderable spread between cells, they chana e in the te stin

I
"I, /• , }''} \ +

Grph # trogh..i.us..e.h hysteresis ei'f" t

whc isexeiecd he helg. evl•schn, i oe iecin n
thnreund ois rgna aue h id vria.o in t .e .........e

ofth dffrec btwenbei nngan ,n valesis os liel the ]i '

reutofiacuayo lm r+~eg adutmns .priuartecos

avr fthu"ad dii"cvso rah# ugetflesetnso

I./ . .
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%4he conclusion, then, is that two cells of the rMeW

rpsistance under the same conditions vould perform quite suitab4y •-Ln a

bridge circuit where we wish temperature drifts and variation dýe to

common light level changes to compensate for one another. In such a manner

it may be possible to prevent the above effects from interfnrrin, with the

al.rm detection circuitry.

I '
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S4. Condensation

Recently alarm Nos. 35, 36 and 37 were rendered inoperable

at Ft. Benning due to condensation forming on the air line connecting the

tape transport drum pick-up fitting to the knockout portion of the so.ution

pnt.. Thl -. rnndien-nt Ion drirp,.1 cwnvn ýhr' trrinicd nrojrcj I bonrd ý'nc nhnrf ('ýd

capacitor C1 by filling the gap between the lead and the case, thus shorting

the capacitor and causing a temporary failuroe to the voltage regulator on

its printed circuit board.

The immediate solution to this problem was to insulate the

lead from the case of the capacitor with the application of a coat of

Glyptol. This was done on all existing boards but on any new boards, the

capacitor will be reorientated so that the grounded end will point towards

the condensation source. An additional protection was also afforded by

placinZ a "splash guard" between the condensatidn source and the printed

circuit board. This guard consists of a phenolic sheet fastened to the

top of the printed circuit board by three (3) stainless steel clips. Its

purpose is to divert the excessive condensation away from the component

"side of the board to the waterproofed t~ack aide where the presence Of

moisture will not affect alarm performasce.

Since both the insulation and the above mentioned "splash

guard" are interim measures, further Research And Development is underway

to either eliminate the problem and/or provide absolute protection to this

vital part. Various concepts are being investigated.

j,!
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a. The design of an extruded rubber 'L' angle (1120

included angle) which will be secured to the printed circuit board and

supported by the PC board mounting point. It will extend from the end of

the heat sink to the area of the air motor and protrude approximately 1/4"

over the printed circuit board.

1- 1t ' r -;t 1 Iri 1.0n UIOrL W obtain

a suitable insulation which may be applied to the entire printed circuit

board rather than only the rear (track side) portion. Samples are to be

subjected to hot and cold testing as well as completely immersed in the

reagent solution of sodium pyrophosphate and ODN.

c. An investigation of several new types of rubber tubing,

both thin and thick walled, and a teflon impregnated asbestos tubing which

may be used as a jacket over the main air line.

When the desired configuration has been tested and approved,

replacement parts will be provided for the Phase III alarms.

4-

i
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* 5. Endurance Testiing

ALARM TOTAL TIME ~ALARMJ# TOA TIRE

t 9 1202 2 349
11 558 27 lo16
12 172 28 2r2

F 13 782 29 199

-~31 -19'
16 182 32 86
17 576

* 17 3:03 33 396
18 221 34 36
19 33

*19 315 35 327
20 175 36 326
21 421 37 332
22 341

*22 290 38 104
23 950 39 116
24* 36 40115
25 36

• Total time after refurbishing

U

z
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6. Vacuum Sensor Switch

Tests have been performed on several alarms at AAI in an

effort to determine points of maximum pressure differential in order to

Sdesign a more reliable bare switch than that previously installed on the

alarm. Static pressures were measured at the point where the flovw meter

connects to the air inlet. The sma),.1 section of tubing at this point was

removed and a monometer inserted into the air system to measure static air

pressure under varying conditions. Air flow was varied between .7 to 1.2

liters per minute and input voltages were adjusted to 21, 24 and 28 volts.

On alarms 11, 21, 30, 39 and 40 measurements were taken and it was found

that the static pressure varied between .1 to .2 inch of water. TheseI

measurements were taken with the alarm operating at room temperature,

Pressure measurements were also taken between the air pump

outlet and the alarm exit heater. Again a monometer was inserted into the

air line and the voltages and air flow varied as indicated above. Again

it was found that such changes produced only an insignificant change in

static pressure at this point. It was noted that the air pressure varied

approximately .2 inch of water as the air flow was changed from .8 liters

a minute to 1.2 liters per minute. Alarm 1i measurements were taken to

measure the pressure differential between the inlet and outlet as the air

flow was varied between .8 liters per minute to 1.3 liters per minute. It

was observed that under these conditions the pressure differential varied

between .4 to .95 inch of water. At the end of this report period alarm

10 was used to attempt to restrict the air inlet so that a major change in

K
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static pressure would occur as the air flow was varied. Insufficient time

was available to record enough data for an evaluation of this set up.

The purpose of this investigation is to locate a point or

points where sufficient pressure changes are produced in order that a

presnire seniinp (I uOP(, mqr hr- nt'r I .I ,,,

when air flow drops below a predetermined value. If possible commercial

components will be selected in order to minimize the amount of testing

required.

[
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7. Tape Studies

SEarlier in this report it was mentiqned that prObiems Were

encountered during alarm testing due to tape which was .062 inch too wide.

This increase in the tape width usually does not allow the tape spool to

be completely seated onto the pay-out spindle. Whqn this condition exista,

Utbe tape spoo, wI J ! Lt-eunty "'ide" of't the spindle until it it reLained

by the front cover. The tape path is no longer in 4lignment with the

transport drum and thnre is, therefore, a tendency for the tape ýo gradu-

ally "walk" off the drum. The increased drag of the spool binding on the

front cover occasionally results in tape breakage between the spool and

f, the drum.

U" When tape breakage is not experienced at this point other

fsLctors come into play which are equally as disesterous with respect I o

alarm performance. Assuming operation continues w-Ith the spool improperly

seaLed in the spindle, as already pointed out, the tape begins to "walk"

off the drum. When the drum is seated under the photometer head, the outer

edge of the tape is stretched (or ruffled) due to the larger diameter of

the tape guide flange on the drum. As the ruffled tape is wound onto the

take-,up spindle, the outside diameter of the expended tape is greatly

increased over the normal condition and eventually will ,begin to scrub'

against the bottom can panel. At this point the take-up spindle looks in

place but the garter spring continues to be pulled over the pulley. On

several occasions this phenoumna has resulted in a permanent elongation of

this spring and requiring replacement of same.

S4
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A more frequent result of' the vtalled take-up spindle is

Sthat the tape will wrap around the tra nsport drum. Since all tension on

the take-up side of the drum has been lost,, a force no longer exists which

thawillttlle te ape free of the drum needles. The tape consequently is

carried around the dm.m until several layers of tape are accumulated.

NO .i f'ft,1L11'e PatLC-111 hilt; Leeu dctQej.aUd undUr LIh.Li condition but

the problem has usually resulted in one or more of the follpwing:

a. Stalled transport motor

Sb. Burned out transport motor

Sc. Daknaged air pump

i ;?d. False alarm.

g -The reason for (a) and/or (b) is that with the accumulation

of tape betwee:n 'the drum and head, drag is increased to the point where

•,result because of the additional tape thickness between the drum and head

*°• and the corresponding increase in restrictions in the air system. False

alarm occurs after the transporL motor has stalled but the alarm continues

to operate. Excessive air blank occurs and after several "transports",

.apot development is sufficient to produce a false alarm. On one occasion

the tape build up produced tape breakage when the tape snagged the fluid

nozzle. It should also be pointed out that when tape wrap-around occurs,

I the tape is pulled from the take up spindle causing this component to reverse'

its direction thereby producing an even greater overload on the garter,

spring.

W 4b
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I f *' 'I

No alarm changes are proposed or recommended to offset

the problem disQussed above. Ratherthe recommenrption has been made

to Chemical Corps personnel t4•at tape width be controlled to 0.625,4

0.03 inch.,

i
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4

IV. F=UURE PROGRAM

RlAture program on the E41RU Gas Alarm will be directed towards

the fabrication of the additional alarms required by the contract and a

continuation of B&D studies. Efforts under the latter will be primarily

-n'mrrind wli•h r)hror,•1 and hnht.nmcter ntiidles, automatic nulling, inlet

heater design, the remote alarm and correction of difficulties that are

encountered at Ft. Benning during CONARC testing.
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